Arsenic in drinking water is a severe public health risk in Vietnam especially in the Red River Delta (RRD), northern Vietnam. Located in the RRD, Hanam is the most affected province by arsenic contamination of groundwater. Several programs have been initiated and implemented in Vietnam especially in the rural areas to address the problems of arsenic in drinking water, among those piped water from centralized water plants. However, it is the fact that like many developing countries, in Vietnam efforts have been focused mainly on engineering aspect of technologies, while the nature of water users' needs is neglected. This study assessed the determinants of piped water connection in arsenic contaminated areas of the RRD based on a field survey of 443 households in Hanam province. We found that, most of the respondents in RRD were aware of arsenic contaminated water but did not have deep knowledge on the issue and long-term health effect of consuming arsenic contaminated water. Connection fee, arsenic awareness index and household expenditure presented the most influential factors affecting the decision of getting connected. We discussed the implication of connection subsidies, awareness raising and collective action policy for providing safe water for the welfare of all society.
Introduction
Arsenic in drinking water is a problem that came to prominence in Vietnam in the mid-1990s. At the same time, the rural population began to change the source of their drinking water from surface water, which was often contaminated by pathogenic bacteria, to pathogen-free groundwater (Berg et al., 2001) . The construction of tubewells in Vietnam commenced in the 1990s. The United Nations Children's Fund (UNICEF) in Vietnam has so far supported the implementation of over 150,000 tubewells while local communities and individuals have constructed an even greater number. It is estimated that around 20% of Vietnam's population consumes water from tubewells in the Red River Delta (RRD) and Mekong River Delta (MRD) of the country (MoNRE, 2009; Murcott, 2012) . Unfortunately, groundwater in Vietnam has been found to be contaminated by naturally occurring arsenic (As) (Dang, 1992; Berg et al., 2001; Jessen, 2009) . RRD in northern Vietnam is the region of the country that is most badly affected by arsenic contamination. The provinces in the delta that have the worst arsenic pollution are Hanam, Namdinh, and Hanoi, which are all situated along the Red river (UNICEF, 2001; NIOEH, 2003; Le et al., 2007; MoNRE, 2009; Jessen, 2009; Murcott, 2012) . According to recent surveys (MoNRE, 2009) , the arsenic concentration of around half of the tubewells in Hanam province is above 50µg/l. This is significantly above safe level of 10µg/l prescribed by the World Health Organization (WHO). In many of the surveyed locations in Hanam province, the levels of arsenic contamination were found to be as high as in Bangladesh 1 .
The toxic properties of arsenic have been known for centuries. The presence of arsenic in drinking water is considered to be one of the most significant environmental causes of cancer in the world . Long-term exposure to high levels of arsenic leads to a wide range of other health problems that include arsenic poisoning, cardiovascular disease, neuropathy, and gangrene (UN 2001; Kapaj et al., 2006; Hopenhayn, 2006; Yuan et al., 2007) . As a result of contaminated water supplies, Vietnam is currently facing long-term epidemic diseases related to arsenic exposure. Between 0.5 and 1.0 million Vietnamese people are expected to be at chronic risk from arsenic exposure (Berg et al., 2007) . In 2003, Vietnam reported first cases of arsenicosis (NIOEH, 2003) . Separately, Agusa et al. (2005) , Dang et al. (2006), and MoST (2015) conducted studies on the health impacts of arsenic exposure in the RRD and observed significant positive correlation between arsenic concentrations in groundwater and in urine and hair of local residents. To date, approximately 30 cases of arsenicosis have been identified in Vietnam, with majority occurring in RRD. This is a relatively low number of cases in comparison with other countries that are affected by arsenic contamination in South and East Asia like China, Bangladesh, and West Bengal. However, this situation may be because tubewells have only recently been introduced in Vietnam. As a silent killer, the symptoms of arsenic toxicity may take several years to develop (WHO 2001) . Hence, current arsenic-linked health problems in Vietnam are most likely to only be the tip of the iceberg.
In rural areas, especially in highly arsenic-contaminated areas in RRD, a variety of household-based interventions i.e. rain water, surface water, sand water filter, household commercial water filters have been used to decrease the level of arsenic in water with various levels of success. Despite more than a decade of intensive research aiming at mitigation of the arsenic problem, the people in the RRD are still consuming arsenic-contaminated drinking water (Berg et al., 2001; Nguyen et al., 2009) . The Government of Vietnam recognizes that arsenic contamination of groundwater causes serious environmental problems and that it has serious negative health effects. In recent years, several programs and initiatives have been initiated by government to address the problem of arsenic in drinking water. The government's favored solution is to provide households with safe piped water from centralized water plants. This is thought to be the best and most sustainable solution, especially in the rural areas. However, as is the case in many developing countries, the plans have, so far, mainly focused on solving engineering challenges and have neglected the needs of end users (Nam & Son 2010) . Criticisms of this approach focus on the failure of such programs to take account of demographic and financial realities (Whittington et al., 1993) . Since the mid 1980's, a new vision based on a demand-oriented approach has emerged. This approach asserts that regulators and water providers need to understand household water use behavior, acceptance/ability and the settings against which they operate in response to the new programs. Household's choice of water source and water connection was first acknowledged by Whittington et al. (1987) and developed by several authors among others Basani et al. (2004) , Larson et al. (2006) , Nauges and van den Berg (2006) , Nauges and Strand (2007) , Basani et al. (2008) and Dagnew (2012) . Authors generally agree that two groups of independent variables, one relating to household characteristics (income, education, size and composition etc.) and another relating water source attributes (i.e., connection fee, price, distance to the source, quality, reliability) should enter the choice model. Source attributes account for heterogeneity in water from different sources while household characteristics account for difference in tastes, opportunity cost of time, and perception of health benefits from improved water (Whittington & Nauges , 2010) . Regarding the people's perception and preference for improved water quality in arsenic-affected developing countries, the study of World Bank (2003), Ahmad et al. (2006) analyzed rural people's preferences for arsenic-free drinking water options in Bangladesh. A particular focus was on rural households' demand for piped water supply compared with that for other household/communitybased arsenic mitigation technologies. The analysis revealed a strong demand for piped water and scope of adequate cost recovery. Between piped water and other arsenic mitigation technologies, the preference of rural people was found to be predominantly in favor of the former. The similar result was observed in the study of Abhijit (2011) on economic analysis of arsenic in water in West Bengal. 100% respondents had positive response for getting arsenic-safe drinking for their family.
There are some works accomplished on arsenic awareness of residents in Vietnam. The study of Tran and Ross (2009) focused on groundwater dependent residents in Hanoi and concluded that household awareness of arsenic was low. Factors such as location, gender, occupation, income and level of education significantly influenced a respondent's knowledge of arsenic contamination. The research of Vo et al. (2017) on drinking water in the context of arsenic contamination options in the MRD found that unsafe groundwater is still being used for drinking in the southern Vietnam, and that household knowledge about arsenic contamination is generally poor. The study showed that, sand filter and safe water treatment equipment are cost-effective solutions that should be promoted. The review of a limited number of recent papers on economic aspect of arsenic in water in developing economies reveals a discrete and incomplete picture of the issue. Little effort has been made to understand people preference for arsenic-free water and whether they are willing to get connected to the rural piped water supply. The lack of such kind of information is particularly noticeable in Vietnam, where no empirical study has been done so far. The present paper contributes to the still short literature on determinants of water connection in developing countries with Vietnam as a case study. In this article we estimate the factors affecting piped water connection in arsenic-contaminated areas of the RRD of Vietnam using data from a survey of 443 households conducted in 2015.
Research Methodology

Study Sites
The research targeted two rural districts of RRD province of Hanam namely Duy Tien and Binh Luc. As of 2013, Binh Luc has a population of 133,180 and covers an area of 144 km 2 , while Duy Tien has a total area of 121km 2 with a population of 116,088 persons. Both districts have been identified as arsenic hotspots in Hanam province. According to MoNRE survey, the concentration of arsenic in drinking water in Binh Luc and Duy Tien is 30-40 times higher than National technical regulation on drinking water quality. In both districts there are different sources of water including piped water, tubewell, and rain water.
Data Collection
Data were collected through households field survey and face-to-face in-depth interviews with relevant actors and stakeholders in August and September 2015 in RRD province of Hanam. The survey development process involved both focus group discussions (FGDs) and pre-testing of a draft of the questionnaire.
Sample Size and Sampling Strategy
In this study, we used 'households' variable to estimate the number of surveys to conduct. With the desired degree of statistical confidence of 95%, then the sample size would need to be approximately 400 households. The number of households surveyed was proportionately allocated in each district, using the total number of households per district as the basis of allocation. For each district, the sampling units were chosen through a two-stage sampling strategy. The first stage was to divide the households in each district into two groups namely (i) connected and (ii) not connected householders. The second stage involved simple random selection of householders from each group. The list of the surveyed households was done by the researchers. The number of householders surveyed per district was shown in Table 2 .
Focus Group Discussions
FGDs were conducted before the survey took place with representative of Center for preventive medicine, local communities, and research institutes. These meetings aimed to collect information to design and finalize the questionnaire format.
Key Characteristics of the Survey Instrument
The final questionnaire comprised four main parts. The first part of the questionnaire sought qualitative information on people's perception and attitudes on arsenic contamination. The second part aimed at collecting information about the households' water use practices and the factors affecting households' decisions about whether or not to connect to the piped water systems. The third part of the questionnaire consisted of questions about the socio-economic characteristics of the respondents. These included age, gender, education, household size, income, expenditure, assets, etc. These characteristics were used to identify those which may have most impacts on the water use practices and household water choice decision. The last part of the questionnaire was on debriefing questions for enumerators to complete.
Model Specification
To determine the factors affecting the household's connection to piped water in arsenic contaminated areas of the RRD, logistic regression model was applied. The model is similar in nature to the one developed by Basani et al. (2004 Basani et al. ( , 2008 , Nauges and Strand (2007) and Dagnew (2012) . The purpose of logistic procedure is to model the dependence of a nominal categorical response on a set of discrete and/or continuous predictor variables. The econometrics analysis allowed us to estimate connect-to-piped water probability. This model also allowed us to identify the main barriers and potential constraints to connection. More formally, let y be the binary outcome variable indicating failure/success with 0/1 and p be the probability of y to be 1, p = prob(y=1). Let x1,…, xk be a set of predictor variables, then the logistic regression of y on x1,…, xk estimates parameter values for β0, β1, … , βk via maximum likelihood method of the following equation.
In terms of probabilities, the equation above is translated into p= exp(β0 + β1×x1 + ... + βk×xk)/(1+exp(β0 + β1×x1 + ... + βk×xk)).
In this exercise, the dependent variable is the household's choice to get or not to get a piped connection. The independent (exogenous) variables in the function are connection fee, arsenic knowledge, and households' socio-demographic factors. The basic system of equation of interest in this study can be written in a general functional form as follows:
Probability of piped water connection = f (connection fee, arsenic knowledge, location, households' socio-demographic factors, etc.) 
Result and Discussion
Socio-economic Characteristics of Respondents
The survey in Duy Tien and Binh Luc included 443 households. Respondents were randomly selected from these two areas -an area affected by large scale arsenic contamination. Table 2 lists the districts surveyed and the number of respondents interviewed in each area. The average age of the respondents was 52 and is relatively similar across the two districts. Men accounted for 41% of the respondents and 94.6% of the respondents were married. In the surveyed areas, most of the respondents are relatively well educated with more than 80% respondents having at least the secondary school education level. Only 5.4% of the respondents were illiterate and a small percentage (13.7%) had only passed primary education. 7.5% of the respondents have finished college. Those who finished high school account for 19.3% of total respondents. Approximately 62.2% of the respondents reported a level of monthly income ranging between VND 1 to 5 million; 20.8% of respondents reported a level monthly income below VND 1 million; 13.4% of respondents reported a level of income between VND 5 and 10 millions, and 3.6% above VND 10 million. Average household income was estimated to be approximately VND 6.89 million per month. The data on income is similar to the information provided by Hanam DSO. With respect to the ownership of assets, 80% of the households have indicated owning a motorbike; 93.2 have a TV set, and 89% use mobile phones. The proportion of household having air conditioner and washing machine in the sample is 21% and 30% respectively; 18% have a personal computer at home and 16% have an internet connection. 3% of the respondents owned an automobile.
Household Awareness of the Arsenic Problems
Awareness of Arsenic Problem
The survey results revealed that 23.5% of respondents had heard about arsenic contamination of their district in the past 12 months on mass media many times and 33% confirmed to hear of such issue a few times. 25.5% mentioned they had never heard of arsenic in water in media
In order to assess the household perception of the health impact of consumed arsenic contaminated water, respondents were asked whether or not they know the symptoms of arsenicosis. Six symptoms of arsenicosis including (i) Black, white or red spot over the body; (ii) Hand and feet become rough to touch; (iii) Legs swells up; (iv) Losing the feelings of hands and legs; (v) Sore over hand and leg and (vi) Cancer were shown to the respondents. Despite the fact that living in arsenic contaminated area, only 41.5% of respondents reported that they know some of the symptoms. Even those who have some knowledge about them could not clearly describe the symptoms. During the course of survey, the respondents were also asked whether or not they knew anyone who was affected by arsenicosis in their commune. Only a few respondents (10%) had heard of cases of arsenicosis in their commune. The number of reported case was only two. Further questions of arsenic knowledge were developed and asked. Approximately 50% of respondents reported that it may take some years for arsenic poisoning to manifest itself and that the prolonged use of arsenic contaminated water could lead to gangrene, cancer or even death. The capacity of household to afford the cost of treatment if a family member is affected by arsenicosis is an important issue that could strongly impact household decision of getting connected to piped water. Only 16% respondents felt that they could afford the cost of treatment, while around 71 % said it would be difficult or cannot meet the cost of treatment. Given the seriousness of arsenic contaminated water, as much as 46% of respondents recognized arsenic as a threat to the family's health and felt that to ensure safe water in the commune was extremely important. The survey results showed that 38.5% respondents had checked their drinking water during the last 12 months and took measures to protect themselves from arsenic contamination. However only 10% believed those intervention are effective to mitigate the arsenic in water. The lack of understanding and trust about water quality and reliability of arsenic mitigation options is clearly a significant obstacle for dealing with arsenic issue in Vietnam. Information provision and building the trust are important areas that need more effort and actions.
Public Awareness Index
In order to assess public awareness of arsenic issue, an arsenic awareness index was constructed using a point scoring system based on the work of ICEM (2011). A household receiving 0 points would be qualified as absolutely not arsenic aware while a household receiving 10 points would be qualified as very arsenic aware. Table 3 shows the awareness index in the studied areas. Public awareness about arsenic issue is relatively low. In the sample, none of the respondent achieved the highest possible mark for arsenic awareness of 10 points. Only 0.2% of the respondents gained the almost highest mark for arsenic awareness (9) and 11.4% had the high mark from 6 to 8. 15.3% of the respondents had average level of awareness (mark 5) while the awareness of approximately 73% of the respondents is low (mark 0 to 4). The connected households had the higher arsenic awareness than those who had not connected to the system. 
Analysis of Water Connection Decision
To run the model, the data was cleaned for missing information. The sample size was reduced to 338 usable observations. Correlations coefficients between the possible pairs of variables are shown in the Table 4 . It appears that location is correlated with awareness level of respondent. Age, edu and working_person are likely correlated with income and expenditure of the households. Expenditure and income are strongly correlated. Four variables were chosen and included in the logistic regression model namely log_fee, Awareness Index, log_expend and Edu. From among the variables included in the analysis, three independent variables (connection fee, arsenic awareness index and household monthly expenditure) were found to have a statistically significant impact on the likelihood of a household having a private piped connection (Table 5 ). Based on the results presented in Table 5 and odds ratio, the estimated coefficient log_fee was well determined and suggests that a 5.3% decrease in the odds of getting connected on average for a 1% increase in log_fee since exp(-5.417×1%) = 0.947172. The estimated coefficient for log-expenditure is meaningful and implies that a 0.7% decrease in the odds of getting connected on average for a 1% increase in log_expenditure since exp(0.720×1%) = 1.007226. This is probably due to the fact that households with larger expenditures are households with better livelihoods and these householders are able to pay the advance connection payments required by the water supply utility.
Arsenic awareness index has an odds ratio of 1.927069 (exp(0.656) = 1.927069), implying that a 92% increase in the odds of getting connected on average for a one-unit increase in arsenic awareness index, controlling for all other factors in the model. The higher the people awareness on arsenic contaminated water, the higher the probability of connection to piped water. Given this, the encouraging conclusion is that local people have generally responded positively to the water contaminated issue. However, attention should be paid to the cost of connection that could negatively impact the decision of local people. Other independent variable Edu is not statistically significant and cannot be considered as having an effect on the likelihood of household to have private piped water connection. A closer look to the marginal effects of connection model (Table 6) gives almost the same picture. All the estimated coefficients are plausible except for the Edu estimate. This model provides us with some degree of confidence about the factors that influence connection. It was found that connection fee represented one of the most influential factors affecting the connection decision of households. This result rate appears to be similar with those of Basani et al. (2004) . In the study of Water demand and welfare effects of connection: Empirical evidence from Cambodia, apart from ethnic factor, connection fee and expenditure were found to have strong impacts on connection decision of local people.
Conclusion and Policy Implication
Arsenic in drinking water is a severe public health risk in Vietnam. The RRD in northern Vietnam is among the region most suffered from arsenic contamination. From the early 2000s, the development of centralized water treatment plants/piped water system, have been and will continue to be initiated in major provinces of Vietnam especially in RRD, where the water is heavily contaminated by arsenic. Such investment projects will contribute to quality improvement of clean water, provided that they are effectively operated and that a large percentage of water users (such as households) connect to the system. Most of the respondents in RRD were aware of environmental issue in general and arsenic contaminated water in particular in their communes. This is reflected in the relatively high percentage of respondents which has some knowledge on arsenic symptoms. Nearly half of the respondents recognized arsenic as a threat to the family's health and felt that to ensure safe water in the commune was extremely important. However most of the respondents did not have deep knowledge on the issue and long-term health effect of consuming arsenic contaminated water. Connection fee, arsenic awareness index and household expenditure were found to be the most influential factors affecting the decision of getting connected. The results indicated that the higher arsenic awareness household seemed to have higher probability of getting connected than those with lower awareness level. Households with larger expenditures were more likely to get connected than those with smaller expenditures. The higher connection fee, the higher the probability of not getting connection to piped water. In order to promote household connection to the piped water in arsenic contaminated area of RRD, the number of actions should be taken:
Raising public awareness on arsenic contaminated issue. The lack of awareness of serious health effects of consuming arsenic contaminated water leads to the current unsafe water use in the study site. Clearly, this issue is an important area that needs more effort and actions. Raising public awareness is said to be high efficient as it is simple and cost saving and leading to change in attitude and behaviors of the residents. Thus awareness raising should be the starting point for any approach to deal with the arsenic problem and special attention should be paid to information and communication program.
Connection subsidies. Basani et al. (2004) , Dagnew (2012) documented the negative impact of connection fee on probability of getting connected. The result of this study also supported this inference. High connection fee is one main obstacle for non-connected households. Poor and less-poor households will need financial support especially in the case where connections are made compulsory. This suggests a clear policy option -a connection subsidy scheme. This may represent an important step in process of providing safe water to all household. Financial mechanism should be established to facilitate this process.
Multi-stakeholder approach. This approach aims to bring together all major stakeholders in a new form of communication, consultation and decision-making on a particular issue based on the recognition of the importance of equity and accountability among stakeholders. In the case of safe water provision in Vietnam, the key stakeholders would likely consist of government, public and private sector, international donors, mass media, local people and societal networks. Joint initiatives with governmental and international organizations and donors to introduce new technologies, regulations, and quality standards; facilitate information exchange; provide financial assistance and develop collective actions are recommended. Moreover, the entry of private sector should also be welcomed in order to expand services and introduce fair competition in providing safe water for the welfare of all society.
